The indirect fluorescent-antibody test (IFAT), employing treated and standardized antiserum in a single pool, was earlier reported to have been used successfully for the preliminary identification of nine respiratory viruses in second to ninth passage multiplying in cells propagated on microscope slides. This report describes parameters affecting the isolation in first passage and the identification by IFAT of adenovirus types 4 and 7 and coxsackievirus type A21 present in stored clinical specimens inoculated into microcultures of WI-38 cells. Isolation frequency was comparable to that obtained in tube cultures, and identification by IFAT of viruses in microcultures could be accomplished in 3 to 4 hr after recognition of a cytopathogenic effect.
With improved cell culture methods and better isolation techniques, the diagnostic virus laboratory in recent years has been required to identify an increasing number and a greater complexity of viruses. In an effort both to simplify and to speed the identification procedure, we have investigated the identification of viruses by the indirect fluorescent-antibody test (IFAT). In a previous study (6) we demonstrated that respiratory viruses, replicating in cells grown on microscope slides, could be presumptively identified by the IFAT by using a single, standardized, pooled antiserum to the viruses of influenza A and B, adenovirus type 2, herpes simplex, mumps, parainfluenza 1, 2, 3, and respiratory syncytial. The earlier report (6) also described (i) the preparation of guinea pig antisera to these viruses; (ii) assay by complement fixation (CF) and by IFAT of each antiserum for specific and heterologous antibody, using representative strains of the nine viruses; (iii) preparation of the serum pool; and (iv) assay of the pool by IFAT for sensitivity using prototype viruses, as well as 39 respiratory virus isolates in second to ninth passage representative of viruses used in the preparation of the antiserum pool, and several heterologous enteroviruses. As an extension of the above study, the present report describes the identification by IFAT of unadapted viruses in first passage WI-38 microcultures utilizing known positive adenovirus and coxsackievirus clinical throat and rectal specimens.
A21
MATERLUS AND METHODS Except as noted, materials and methods are the same as previously described (6) .
n " ' I Viruses. Oropharyngeal swabs (OP) of adenovirus types 4 and 7, held at room temperature in charcoal transport medium (CTM) (3) , were obtained from the Sixth Army Medical Laboratory (6AML), Fort Baker, Calif., during an adenovirus surveillance program of U.S. Army recruits. Two swabs were collected per individual; one was retained by the 6AML for virus isolation and the other sent to us when a virus was isolated. OP specimens were 1 to 7 weeks old when inoculated into cell cultures in our laboratory. Throat washings and rectal swabs of adenoviruses types 4 and 7 and of coxsackievirus A21 in 0.5% veal infusion broth were obtained from the Naval Medical Field Research Laboratory (NMRL), Camp LeJeune, N.C. Specimens were collected from military personnel ill with respiratory disease 5 to 10 months (adenoviruses) and 10 to 12 months (coxsackieviruses) prior to inoculation into cell cultures in our laboratory.
VIRUS IDENTIFICATION BY IMMUNOFLUORESCENCE grown in Eagle's minimum essential medium in Hanks balanced salt solution (BSS) and 10% fetal calf serum.
They were maintained in Leibovitz's L-15 medium containing 3% glutamine, 2% fetal calf serum, 100 units of penicillin, and 100 ,ug of streptomycin per ml (L-15M).
Cells (106/ml) were planted in tubes and slide microcultures as described previously in detail (6) . To summarize, the microculture is a monolayer of cells growing within a glass ring (14 by 14 mm) attached to a microscope slide with a paraffin-Vaseline mixture (Fig. 1) . Three rings fit onto one glass slide (3 by 1 inch) and five slides are placed in a petri dish (6 inch and (iii) no infected cells were seen at termination of the run. Cultures inoculated with adenovirus were followed 15 to 24 days, those with coxsackievirus 10 to 12 days. Tube cultures were frozen at -60 C when CPE was 2 to 3 plus or the run was terminated.
Positive control cultures. Microcultures were inoculated with stock adenovirus types 2, 4, and 7 and coxsackievirus A21, 24R, diluted to produce infection of 10 to 50% ofcells within 20 to 24 hr after adsorption of 0.1 ml of virus for one hr at room temperature. Medium, incubation, and processing of cultures were the same as described above.
Antisera tiserum and the pooled antiserum to nine respiratory viruses used in this study are the same as described in detail in (6) except as noted below. The same lot of adenovirus antiserum was used singly and in the serum pool. The titer of the adenovirus antiserum was 1: 256 by CF and 1:20 by IFAT. With the exception of the coxsackievirus A21 antiserum described below, the other antisera in the pool had CF titers of 1:64 or greater and IFAT titers of 1:10 or greater (range 1:10 to 1:160). The pool contained 2 to 8 antibody units of each of the nine antisera. In tests versus other viruses used in the preparation of the serum pool both by CF and IFAT, the only heterologous antibody found in any of the sera was a minor (+) reaction between parainfluenza 1 and 3 by IFAT and a similar reaction in the respiratory syncytial antiserum to adenovirus antigen. None ofthe above antisera stained normal cells or cells infected with several coxsackievirus B5 or rhinovirus isolates. The antiserum pool, exclusive of coxsackievirus antiserum, did not stain coxsackie A21 antigen in the IFAT.
Antiserum to coxsackievirus A21, Kuykendall, was prepared in guinea pigs (600 to 700 g) which were negative when pretested by neutralization at 1:4 dilution of serum to coxsackievirus A21 and by CF to the nine viruses used in the preparation of the antiserum pool. Guinea pigs were immunized by two intranasal instillations, 1 week apart, of 0.3 ml of undiluted 20% (w/v) mouse brain antigen, followed by four intraperitoneal inoculations, 1 to 2 weeks apart, of 1.0 ml of Genetron-treated mouse brain antigen. by the IFAT (usually on the same slide) both with homologous antiserum at 1:10 and with pooled antiserum diluted as previously described (6) with the following exceptions: coxsackievirus A21 Kuykendall antiserum was substituted at 1:5 dilution for parainfluenza type 2, and adenovirus antiserum was decreased to a 1:2.5 dilution instead of 1:5. Details of adsorption of antisera with chick embryo tissue, the IFAT staining procedure, fluorescence microscopy, and photography are the same as previously described (6) except that microcultures inoculated with coxsackievirus A21 were stained for 1 hr instead of 30 min with antiserum and conjugated antiglobulin.
RESULTS
Factors affecting use of microcultues. WI-38 cells grew readily in microcultures, but cells incubated with 5% CO2 in plastic bags were healthier and lasted longer than cells without added CO2. The cell monolayer was 50 to 75% complete within 24 hr, and complete by 72 hr. Tube cell cultures required 4 to 5 days to develop a monolayer.
Microcultures 24, 48, or 72 hr old appeared equally suitable for the isolation of viruses, but cells grown for 24 hr were more sensitive to changes in medium, temperature, inoculum, and antibiotics than cells grown for 48 to 72 hr. The cumulative toxic effect to cells of certain inocula and antibiotics was reduced by eliminating the adsorption period of inoculum to cells and adding maintenance medium immediately after inoculum. This method appeared to be as effective for the isolation of viruses as adsorption, providing the inoculum was left on the microculture for 24 hr. In a limited study with adenovirus type 7, fewer isolations were made when the inoculum was removed at 4 hr compared with 24 hr. Thereafter, inoculum was removed at 24 or 48 hr and replaced with fresh maintenance medium. The concentration of antibiotics initially added to specimens was also decreased to the levels in antibiotic mixture no. 2. This was used successfully for all NMRL specimens but was not extensively evaluated against OP specimens, which frequently contained more yeast and fungus than throat-wash specimens (3) . [4] [5] [6] [7] show typical adenovirus-infected microcultures stained by IFAT.
Microcultures infected with adenoviruses and stained by IFAT were easily scanned with the low-power objective of the microscope. In early stages of infection, fluorescing cells were located most often at the periphery of the microculture; infection of the entire cell sheet required several more days. Both adenovirus group-specific and pooled antiserum stained adenovirus-infected microcultures equally well. 1-week period produced CPE when inoculated into microcultures; by contrast, during a subsequent 3-week period, only 11 of 30 specimens collected produced CPE in similar microcultures. The reason for the low recovery rate of coxsackievirus A21 in the latter group of specimens is not known. Microcultures inoculated with coxsackievirus specimens were not rotated during incubation, a procedure used successfully by others (2, 4) for improved isolation of coxsackievirus A21.
All microcultures inoculated with coxsackievirus specimens were stained by IFAT utilizing both coxsackievirus A21 and pooled antiserum regardless of whether an enterovirus-type CPE was observed. Duplicate CPE-positive microcultures, when available, were stained with both types of antisera. However, six cultures showed CPE in only one microculture; these were stained with coxsackievirus A21 antiserum. Of 26 CPEpositive microcultures stained by coxsackievirus A21 antiserum, 23 were positive by the IFAT; three were negative or showed questionable fluorescence (-). In no case was fluorescence demonstrated in microcultures not showing CPE. Fluorescence varied in intensity from 1 to 4 plus in different cultures and within the same culture. Lysis of cells was apparent in areas where CPE was advanced. Even when the staining time was increased to 1 hr, first-passage coxsackievirus A21 in most instances did not stain as well as the positive control coxsackievirus A21, 24R, which was in sixth passage. Of 20 CPE-positive microcultures stained with the pooled antiserum, 17 were positive and three were negative. Fluorescence was generally weaker with pooled antiserum but showed the same variation in intensity as seen with specific antiserum.
Immunofluorescence was not enhanced in coxsackievirus-infected microcultures when the concentration of specific antiserum or conjugated antiglobulin was increased in the IFAT. Best staining results were obtained when microcultures were dried 40 to 50 min at room temperature (instead of 20 min at 37 C), fixed 15 min in acetone at 4 C, and stained 1 hr at 37 C with both antiserum and conjugated antiglobulin. Figure 8 shows an unstained WI-38 microculture infected with a throat-wash specimen of coxsackievirus A21. Figures 9 and 10 show microcultures of coxsackievirus A21, 24R, in sixth passage showing four-plus immunofluorescence when stained by IFAT. Figure 11, The present study suggests the feasibility of using WI-38 ce}ls in microcultures for the isolation and prompt identification by IFAT of an unknown virus in first passage, since, from stored throat and rectal specimens known to have contained adenoviruses, 88% of type 7 and 87% of type 4 were reisolated on first passage in WI-38 microcultures and identified by IFAT (Table 2) . It should be noted ( Fifteen type 7 adenoviruses, representing both tube cultures and microcultures, required 6 to 19 days for initial isolation and identification by IFAT, but on second passage in microcultures developed CPE and strong immunofluorescence within 48 to 96 hr. This suggests an increase in virus titer over the original inoculum and also demonstrates that the fluid phase of the microcultures is an adequate source of virus for further passage without the necessity of inoculating a parallel tube culture with the original specimen.
The demonstration by IFAT of the presence of coxsackievirus A21 in microcultures of WI-38 was not as clear-cut as for adenoviruses; however, CPE was evident in 26% of the 46 cultures inoculated, and all but three were identified by IFAT utilizing coxsackievirus A21 antiserum. The fluorescence of coxsackieviruses in first passage was variable and of low intensity compared with control coxsackievirus A21, 24R, in sixth passage. This is analogous to the findings of Zalon et al. (8) , who also described varying degrees of intensity of fluorescence of group A coxsackieviruses undergoing adaptation in human amnion cells. Accordingly, viruses in fifth passage fluoresced more intensely than those in lower passage or viruses not well adapted to amnion cells. This suggests that the difference in staining properties between first-and sixth-passage virus is antigen-related. Presumably the isolation rate of coxsackievirus A21 in microcultures would have been improved by using unfrozen specimens APPL. MICROBIOL. collected just prior to inoculation or after storage for only a short time (2, 7) .
The present study offers additional evidence in support of our view that the slide microculture technique, in conjunction with the IFAT, may be advantageously utilized for rapid identification of a wide spectrum of freshly isolated viruses.
